Summary

23
Bumblebees are ecologically and economically important as pollinators of crop and wild plants,
24
especially in temperate systems. Species, such as the buff-tailed bumblebee (Bombus terrestris), are 25 reared commercially to pollinate high value crops. Their highly specific gut microbiota, characterised 26 by low diversity, may affect nutrition and immunity and are likely to be important for fitness and colony 27 health. However, little is known about how environmental factors affect bacterial community structure.
28
We analyzed the gut microbiota from three groups of worker bumblebees (B. terrestris) from distinct 29 colonies that varied in rearing and foraging characteristics: commercially reared with restricted 30 foraging (RR); commercially reared with outside foraging (RF); and wild-caught workers (W). Contrary 31 to previous studies, which indicate that bacterial communities are highly conserved across workers,
32
we found that RF individuals had an intermediate community structure compared to RR and W types.
Introduction
39
Insects and other pollinators provide a vital ecosystem service to 87.5% of the world's plant species 
61
The insect gut is known to harbour a microbial community which is thought to aid host fitness through 
71
How other environmental changes affect gut microbial community structure remains unexplored.
73
Here, we utilized 16S rRNA gene targeted next generation sequencing techniques to analyze the gut 74 microbiota from three groups of individual adult female bumblebees (Bombus terrestris) from distinct 75 colonies that were: commercially reared with no outside (restricted) foraging (RR, n = 6), commercially 76 reared but released for outside foraging (RF, n = 10) and field-caught workers collected from
77
Buckinghamshire and the Isle of Wight, UK (W, n = 7). Given the low diversity and highly specific 78 microbiota reported previously, we adopted a null hypothesis that diversity and composition of B. t.
79
audax host gut microbiota would not be influenced by rearing and foraging conditions. The current 80 study aimed to establish whether gut microbiota responded to host foraging, i.e. does a commercially Mean OTU richness in the whole microbiota was significantly higher within the RF group (121.5 ± 117 10.4, mean ± SD) when compared to the other samples (RR, 97.2 ± 18.7; and W, 83.0 ± 2.1; Figure   118 1b and Table S1 ). The same significant pattern was reflected in the rare microbiota (RR, 71.2 ± 18.1; 119 RF, 96.8 ± 9.8; and W, 57.4 ± 2.0), but not in the common microbiota which did not significantly differ 120 between groups (RR, 26.0 ± 1.2; RF, 24.7 ± 1.11; and W, 25.6 ± 0.8; Figure 1b and Table S1 ). We 
148
In order to determine which OTUs contributed most to the observed shift in community abundance 149 and composition similarity percentage (SIMPER) analysis was performed (Table 2) . Representative
150
OTUs commonly found within insect and hymenopteran guts were prevalent within the bumblebees 151 studied here -including members of the Neisseriaceae, Orbaceae, Enterobacteriaceae, 
180
kunkeei increased in relative abundance with the ability to forage, whereas another common and 181 distinct Lactobacillus OTU decreased (Table 2) . Overall, wild foraging represents an increase in the 182 range and diversity of pollen/nectar sources and therefore the bacteria able to process these 183 additional carbohydrate types.
185
Finally, canonical correspondence analysis revealed that variance in microbiota was explained by 186 foraging, rearing and host weight (Table 3 and Figure S1 ). Undetermined variation could be explained (Table S2) (Table S2 ). An amplicon library consisting of ~400 bp amplicons 241 spanning the V1-V2 hypervariable regions of the 16S rRNA gene was generated from gel purified Table S2 .
263
Statistical analysis
264
Operational taxonomic units (OTUs) were partitioned into common and rare microbiota groups using a 265 modification of the method previously described (van der Gast et al., 2011; van der Gast et al., 2014).
266
Based on a significant positive distribution-abundance relationship, the persistent and abundant 267 common OTUs were defined as those in more than 75% of all samples, while all other OTUs falling 268 outside of the upper quartile were considered to be rare. Richness (S*) was used as previously 
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